Certain meat quality traits of guinea fowl that were reared in two production systems were determined in this study. Grey guinea fowl were reared in free-range and barn conditions. Birds were slaughtered at 14, 16 and 18 weeks old to determine meat quality traits. Some digestive traits were also determined. The type of production system affected the yellowness of breast meat significantly, and guinea fowl reared in the freerange system had yellower breast meat. The pH of both breast and thigh meat increased at older ages. Water-holding capacity, cooking loss and drip loss of breast and thigh meat were not affected by production system. Drip loss of meat decreased at older slaughter ages. The ratios of digestive system organ weights to body weight mostly decreased at older ages. ______________________________________________________________________________________
Introduction
Demand for guinea fowl meat is increasing throughout the world. In terms of production, guinea fowl is the cheapest poultry meat to produce in some countries, particularly those in Africa (Saina, 2005) . In terms of consumption, game birds are popular among consumers in many countries. When compared with broilers, guinea fowl meat is reported to have higher protein and lower fat contents (CAB, 1987) . Moreover, as a good source of vitamins, niacin and iron, and with a flavour comparable with game meat, it has been argued that guinea fowl merits a better price than chicken (Ajala et al., 2007) .
Most consumers of alternative poultry species, such as guinea fowl, have certain expectations of flavour. However, most studies that focused on guinea-fowl meat quality were conducted in barn conditions (Bernacki et al., 2012; Tufarelli & Laudadio, 2015) . Birds reared under such conditions have a different flavour and more fat than game birds, probably because of their limited exercise (USDA, 2015) . It is important to assess the market in areas where demand for guinea fowl products has high potential (Madzimure et al., 2011) , especially if consumers are given the choice of products from various systems. By raising guinea fowl under semi-intensive 'free-range' farming conditions, it may be possible to achieve a taste that is similar to game-bird meat and thus increase the market potential of guinea-fowl meat. Given the few studies that have compared the meat quality of guinea fowl reared indoors and those raised in freerange systems, this study therefore examined the effects of production system (indoor barn and free-range) on certain production traits of guinea fowl.
Material and Methods
This trial was conducted at the Research Farm of the Agricultural Faculty of Ondokuz Mayis University, Turkey in May-August 2015. All procedures were approved by Ondokuz Mayis University Ethical Committee for Experimental Animals. Eggs were collected from a flock of grey guinea fowl (Numida meleagris) from Yozgat Breeding Station of the Turkish Ministry of Forests and Water Affairs. All eggs were collected and transferred to the farm's hatchery on the same day. After a 25-day incubation period, 200 dayold chicks were randomly selected for use in the experiment.
Chicks were randomly allocated to pens that belonged to either an indoor or outdoor-access (free range) production system, and were interspersed in windowed houses, with four pens per system and 25 chicks per pen. Pens (3.5 x 3.5 m) were separated and covered with 0.5 x 0.5 cm wire mesh to prevent birds from flying between pens. Each pen contained one round feeder and one round drinker. The indoor pens also contained an 8-cm layer of wood shavings as litter, with no fresh litter being added during the production period. Heating was provided by infra-red heaters, and economical white bulbs were used for lighting. A 24-hour light regimen was applied for the first three days. Light was incrementally decreased to 20 hours over days 3 -14 and then remained constant until six weeks, after which natural lighting (approximately 14 hours/day) was applied until slaughter. After they were six weeks old, birds in the outdoor free-range system were given 24-hour access to outdoor pens measuring 14 x 3.5 m through a single doorway measuring 50 x 90 cm.
All birds were fed ad libidum with the same commercial layer chicken diet based on corn and soybean meal (190 g crude protein (CP) and 11.72 MJ metabolizable energy (ME), 10.0 g lysine, 4.0 g methionine, 11.0 g Ca, 7.0 g P, 120 mg Mn, 15 mg Cu, 100 mg Zn per kg) until 12 weeks old and then with layer chicken developer diet (160 g CP, 11.30 MJ ME, 3.50 g methionine, 7.20 g lysine, 10.0 g Ca, 4.00 g P) until the end of the experiment. Water was also provided ad libidum.
All birds were wing-banded and weighed individually at hatch, 2, 4, 6, 8, 10, 12, 14, 16 and 18 weeks old. Feed consumption, feed conversion ratios and mortality were evaluated by replication.
At 14, 16 and 18 weeks old, four birds (two males, two females) per pen were slaughtered after an 8-hour fasting period. Live weights were recorded prior to slaughter. Scalding (1 min at 56 °C), picking, coldwater chilling, vent opening, evisceration and air-chilling were performed with semi-automated equipment. The gastrointestinal tract, from the oesophagus to the cloaca, and organs were carefully excised. Weight and length of the whole tract were recorded after remaining digesta were emptied. Empty weights of the proventriculus, spleen, pancreas and craw were recorded. All these weights were expressed as a percentage of live weight just before slaughter.
Meat pH was measured at three points on the left leg (two on the thigh and one on the drumstick) and three points on the left breast using a pH meter (Model PC 510, Cyber scan, Singapore) after chilling for 12 hours at 4 °C. Meat colour (L* a* b*) was evaluated at two points on the left thigh and two points on the left breast (Fanatico et al., 2007; Sarica et al., 2011 ) using a colorimeter (Konica Minolta CR-400 colorimeter). Mean values for colour and pH values were calculated and recorded.
Drip loss was evaluated by suspending one intact fillet in a sealed glass box for 48 hours at 2 -4 °C and expressed as percentage of weight loss during storage (Bianchi et al., 2007) . Whole samples of both breast and leg muscles (20 g) were placed in uncovered aluminum pans and roasted in an electric oven, which had been pre-heated to 200 °C for 15 min, until meat samples reached an internal temperature of 80 °C. Samples were cooled for 30 min to about 15 °C and dried on the surface with paper towels. Cooking loss was estimated as the percentage of the weight of the roasted samples to the raw ones (Castellini et al., 2002) . Meat water-holding capacity (WHC) was determined by calculating the weight loss of a 1-g sample after centrifuging it for 4 min at 1500 x g and drying it overnight at 70 °C (Castellini et al., 2002) .
Statistical analysis was performed using the software SPSS, version 16. Analysis of variance with a factorial arrangement was used to test the effects of production system, age, sex and the interactions among these factors. Data percentages were subjected to arc-sine transformation, and slaughter-age means were separated using Duncan's multiple range test. A level of P <0.05 was considered statistically significant.
Results
Colour and pH values of guinea fowl meat are given in Table 1 . Breast-meat yellowness (b*) was affected by production system (P <0.05) and sex (P <0.01), and thigh-meat redness (a*) was affected by slaughter age (P <0.01).
No other colour values were affected significantly by production system, slaughter age or sex. Production system, slaughter age and sex had significant affects on meat pH, with thigh pH of indoor guinea fowl higher than that of free-range guinea fowl (P <0.01), breast pH higher in males than females (P <0.05), and both breast and thigh pH increasing with slaughter age (P <0.01). (Interactions between production system, slaughter age and sex were found insignificant for all traits and are thus not shown in Table 1.) Water holding capacity, cooking loss, and drip loss values of guinea-fowl meat are given in Table 2 . WHC was not affected significantly by production system, slaughter age or sex (P >0.05). Cooking loss was not affected significantly by production system, slaughter age or sex, with the exception of thigh-meat cooking loss, which was significantly lower at 18 weeks in comparison with other slaughter ages (P <0.05). Drip loss of breast and thigh meat was also significantly lower at 18 weeks old compared with other slaughter ages (Table 2) (P <0.01) but was not affected by production system or sex. (Interactions between production system, slaughter age, and sex were found insignificant for all traits and are thus not shown in Table 2 .) Digestive-tract traits are given in Table 3 . Production system did not affect any of digestive tract traits significantly. The ratio of total digestive tract weight to live weight was significantly affected by slaughter age and was highest at 14 weeks old (P <0.05). The ratios of spleen weight and proventriculus weight to live weight were also significantly affected by slaughter age. Sex affected only proventriculus weight/live weight ratio, and this was found to be higher in females. Slaughter age had a significant effect on small intestine length, which decreased with slaughter age (P <0.01). Interactions between production system, slaughter age and sex were found insignificant for all traits and thus are not shown in Table 3 .
Discussion
Consumer demand is one of the most important factors that drive producers to raise animals in freerange systems. By rearing birds in an alternative production system such as a free-range system, the environmental conditions of the animals are improved, which decreases their stress levels, particularly for animals such as game birds, which are not fully domesticated (Yamak et al., 2016) . Consumer preferences are also strongly guided by meat colour, which can be affected by numerous factors (Fanatico et al., 2007) , including production system, age and sex (Castellini et al., 2002; Yamak et al., 2016; Boz et al., 2017) . In the present study, yellowness (b*) values of guinea-fowl breast meat were significantly affected by production system (P <0.05) and sex (P <0.01), with b* values significantly higher for females than for males (8.21 vs 5.93) and for birds reared in a free-range system as opposed to those raised indoors (7.55 vs 6.59). The higher b* value obtained in breast meat of females could be because of the higher fat content. It has been reported that females had higher fat content than males in poultry species (Nikolova et al., 2007) . Birds also deposit a portion of adsorbed dietary pigments into the fat (Fletcher, 1992) . It is also thought that higher b* values obtained in free-range guinea fowl is related to physical exercise during pasture. Other colour values were not affected by production system, slaughter age or sex. Overall b* values in this study ranged between 1.34 and 2.88 for thigh meat and between 5.13 and 8.72 for breast meat, which is higher than values for both thigh meat (1.9 -2.8) and breast meat (4.7 -6.5) that were reported in previous studies (Kokoszynski et al., 2011; Laudadio et al., 2012; Tufarelli & Laudadio, 2015) . Contrary to these findings, Lightness (L*) values in the present study, which ranged between 57.15 and 59.84 for breast meat and between 53.21 and 55.89 for thigh meat, were also higher than the values (46 -50 for fowl breast meat and 41.78 -42.6 for thigh meat) Means within columns with no common superscript letter differ significantly (*: P <0.05; **: P <0.01), SEM: standard error of means, NS: insignificant; FR: free-range, IN: indoor; M: male, F: female TDT/LW: ratio of total digestive tract weight to bodyweight, SW/LW: ratio of spleen weight to bodyweight, PW/LW: ratio of pancreas weight to bodyweight, CW/LW: ratio of craw weight to body weight, PRW/LW: ratio of proventriculus weight to bodyweight that were reported in previous studies (Kokoszynski et al., 2011; Laudadio et al., 2012; Tufarelli & Laudadio, 2015 (Froning et al., 1968; Fleming et al., 1991; Froning, 1995) , with myoglobin making the most significant contribution of the three to poultry-meat colour (Wideman et al., 2016) . Whereas breast meat is composed almost entirely of white fibres (Barbut, 2001) , leg and thigh meat have large amounts of red fibres, which are higher in myoglobin compared with white fibres (Wideman et al., 2016) , which explains why thigh meat a* values are normally higher than breast meat a* values. Colour values obtained in this study are in line with the demands of poultry consumers, who prefer white meat, particularly on the breast. Another important factor that affects meat quality is pH. A high pH value shortens meat shelf life, since it creates a more favourable environment for bacteria (Aberle et al., 2001; Chen et al., 2015) . In the present study, pH values ranged between 6.56 and 6.79 for breast meat and 6.85 and 7.30 for thigh meat. Males had higher breast-meat pH values than females (P <0.05). Similarly, guinea fowl reared indoors had higher thighmeat pH values (P <0.01). Both breast-and thigh-meat pH values increased significantly with slaughter age (P <0.01). In general, the pH values obtained in the current study were higher than those reported by previous studies. Laudadio et al. (2012) reported breast-meat pH values between 5.72 and 5.76 and thighmeat pH values between 5.79 and 5.81. Kokoszynski et al. (2011) found mean breast-and thigh-meat pH values to be 6.1 and 6.4, respectively.
Water is one of the most important meat components in terms of the juiciness of fresh meat after cooking. Therefore, meat with a low WHC that loses large amounts of fluid during cooking may taste dry (Tlhong, 2008) . In this study, the WHC of breast and thigh meat was not significantly affected by production system, slaughter age or sex. Kokoszynski et al. (2011) found breast-and thigh-meat WHC values to range between 61.3% and 64.2% and 64.4% and 69.6%, respectively, and Laudadio et al. (2012) reported values of between 61.67% and 63.84%; and 67.25% and 69.61%, respectively, whereas our study measured higher values of between 72.20% and 75.12% and 75.76% and 77.80%, respectively.
Both meat WHC and drip loss are affected by meat pH, with pH values higher than 6.3, as in the present study, being associated with a relatively dry meat surface and high WHC (Huff-Lonergan, 2002) , which may be related to pre-slaughter stress. Poltowicz & Doktor (2012) reported that slow-growing broilers showed increases in pH and decreases in drip loss in line with slaughter age. Similarly, the present study found drip loss was significantly lower among older guinea fowl (P <0.01), whereas neither production system nor sex had a significant effect on drip loss. Overall, the drip-loss values in the present study (1.59% -4.96%) are in line with those for guinea fowl (2.31% -3.87%) that were reported by Dahouda et al. (2009) .
The digestive system regulates digestion and absorption in the body. In the present study, neither digestive-tract total weight/body weight ratio nor digestive-tract total length was significantly affected by production system or sex. This was the expected result because digestive system development of birds starts during incubation and is completed during growth of pullets. Reaching time to feed after hatch could have an effect on the growth, but in this study birds reared in both systems simultaneously had access to feed. Therefore, there was not a significant difference between systems and sex. Total digestive system length did not significantly change at different slaughter ages. After birds reach mature weights, digestive system completes its development and stays constant. But body mass continues to grow. Therefore, the ratio of total digestive weight to body weight decreased at older ages. However, small-intestine length decreased with age, which is in line with the findings of Kasperska et al. (2012) . The spleen supplies oxygen to tissue and reinforces the immune system (John, 1994) . According to John (1994) , spleen weights of avian species increase rapidly after hatching and continue until sexual maturity. The spleen weight/bodyweight ratio was affected by significantly slaughter age (P <0.05). This finding was expected, as it corresponds to the relatively higher body weights at older ages. A similar result was obtained in proventriculus weight/bodyweight ratio. All these organs completed their growth, but body weight significantly increased at older ages. Therefore, their relative ratios to bodyweight decreased at older ages.
According to the findings of this study, the meat quality of guinea fowl that are reared indoors and in a free-range system falls within acceptable limits for consumption. However, poultry producers may respond to increasing consumer concerns for animal welfare and thus demand animal-friendly production systems by turning to free-range systems as a more appropriate method of producing alternative poultry species such as guinea fowl.
